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Prior to discovery of the tubercle bacillus interest in the nature
of tuberculosis was focused largely on the types of human consti-
tution most susceptible or resistant to the disease. For a generation
after discovery of the bacillus, infection was considered so nearly
universal that it was thought to be a minor factor in the pathogen-
esis of tuberculosis, the resistance of the host being the major con-
sideration in determining whether or not a person succumbed to the
disease in the course of his life. Within the course of the genera-
tion, however, distinction was drawn dearly between native resist-
ance and acquired. Immunity, or increased resistance, of the host
due to mild infection became a concept of great significance in the
understanding of tuberculosis. Among those who developed our
understanding in this field was Willard Soper, to whom this volume
is dedicated.
When the researches of Roemer, Krause, Soper, and others were
at their height, the current view was that most tuberculosis of adult
life, i.e., the majority of all tuberculosis, was endogenous. Such
immunity as developed from a mild self-terminated infection in
childhood was exercised not only against fresh invasion of tuberde
bacilli from without, but also, and in a more important role, against
renewed invasion from within.
In the succeeding years the emphasis shifted from endogenous to
exogenous infection as the precursor of progressive disease of
adult life, but a universally satisfactory agreement on the question
of the relative frequency of endogenous and exogenous infections
has never been reached. Evidence of the failure of acceptable
solution of the question is the growing tendency toward diagnosis
of "hematogenous tuberculosis" in a time when a huge and success-
ful antituberculosis campaign is based on the recognition of adult
tuberculosis as an exogenous infection.
Exogenous and endogenous infection. Behring described tuber-
culosis as a story that began in the cradle and ended in the grave.
He believed in alimentary infection as the original source, and sub-
* From the Henry Phipps institute, University of Pennsylvania.YALE JOURNAL OF BIOLOGY AND MEDICINE
sequent infection as endogenous. His followers, however, accepted
the view and with a good deal of logic argued that a body strong
enough to hold in check the germs that had gained a foothold within
should have slight difficulty in disposing of a few attacking from
without, and that a few from without, in turn, would be of little
consequence in an infected body so susceptible as to be unable to
stem the tide of an old infection recrudescing internally.
The swing toward acceptance of the exogenous view came with
discovery of the close correlation between opportunity for exposure
in adolescent and adult years and the incidence of newly develop-
ing so-called re-infection type disease. It was difficult to explain
on an endogenous basis why tuberculosis developed much more fre-
quently in previously infected, i.e., tuberculin-positive young men
and women who were in contact with tuberculosis than in quite simi-
lar once-infected young people not in contact with tuberculosis.
Ingenious hypotheses have been developed to explain the fact on
an endogenous basis, but it seems a great deal more logical to accept
exogenous infection as the responsible factor.
Careful studies on marital infection, carried out on a controlled
population that could be studied, have also supported the exogenous
view. Earlier studies dealing on a statistical basis with large and
unselected populations had led to the opposite conclusion. Modern
research has disclosed a highly significant correlation between the
sputum-positive state in one spouse and the development of tuber-
culosis in the other. The frequent detection of tuberculosis in the
lungs of a tuberculin-positive woman previously free from disease,
a few months after marriage to a man with open tuberculosis, is
strong evidence for the exogenous view, requiring unusual argu-
ment to controvert.
Thus, the actuality of exogenous infection in the pathogenesis
of adult tuberculosis appears well established. But this fact does
not rule out the possibility of endogenous infection as another source
of adult disease. Long-continued x-ray studies of certain persons
from the time of first infection in childhood years have not infre-
quently shown a lengthy dormant period with little progression of
the lesion during early years, but an ultimate development of the
smouldering process into the characteristic re-infection type tubercu-
losis of adult life. This is bronchogenic tuberculosis of a type
admitted by all to exist. The only argument is whether or not
it is a frequent type, or even the chief type.
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Hematogenous tuberculosis is much more of a mystery. With-
out going into the deep technicalities of the subject, it is enough to
say that pulmonary tuberculosis that follows a certain pattern as
observed in serial x-ray films, in the absence of evidence of ulcer-
ation, is accepted by many clinicians and pathologists as hematoge-
nous. The relation of this process in adult life to the old lesions
of childhood tuberculosis is difficult to establish, and in the concept
of those most favorable to the view that the type of tuberculosis
under consideration is endogenous and hematogenous, there is often
no dear statement as to the supposed. source of the endogenous
dissemination.
Th.e post-primary dissemination ofearlier years is a phenomenon
of more generally accepted explanation. The distribution is such
as dearly to suggest a hematogenous origin and the apparent age of
the lesion corresponds closely with that of primary infections per-
sisting as calcified masses.
Post-primary dissemination is illustrated by great numbers of
truly spectacular chest films, exhibiting hundreds of small calcified
tuberdes. In some of these films an assured association with tuber-
culosis is not evident, and the tuberculous nature of the nodules in
question is contested, but in others the association with massive caseo-
calcareous tuberculosis at the hilum is so definite as to leave little
doubt that the dissemination was tuberculous. Such cases, however,
leave two questions unanswered: first, how a child with such exten-
sive dissemination could survive, and second, how such a process
could occur with no dinical record in the form of remembered ill-
ness to associate with it.
A relationship between adult tuberculosis and the more or less
well-calcified tubercles of childhood infection has not been estab-
lished. It is frequently reported that tuberculosis of adult life
develops more commonly in persons with calcified residues of child-
hood infection than in those without them, but in such studies the
factor of contact with tuberculosis has usually not been evaluated,
and it is reasonable to suppose that a section of the population with
heavy exposure in childhood will continue to be exposed in adult
life, while those living as children in an environment where tuber-
culosis is uncommon are likely to remain in such an environment in
later life. That is to say, in most lives the economic and social
pattern does not change greatly.
On the other hand, a relation with later tuberculosis might well
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be suspected from the nature of the primary infection in some cases
on the simple ground that certain primary infections are so exten-
sive that perfect healing could hardly be expected. The current
mass-scale radiography of great numbers of young men in examina-
tions for military service and the other large, continuing surveys
in progress in industry have disclosed a multitude of examples of
calcified tuberculosis of astonishing extent. The numbers of excep-
tional cases available for investigation should make possible a con-
vincing study of the relationship of large partially calcfied masses
to subsequent development of tuberculosis, if any such relationship
exists. At the present time there is little definite evidence of any
relationship. However, few persons are willing to deny the pos-
sibility of an association. What might happen to an individual with
extensive partly calcfied masses in the event of severe trauma to the
chest, profound malnutrition, and other adverse circumstances
remains to be settled. It should be noted, however, that recent
carefully conducted studies indicate that caseo-calcareous lesions
become sterile after a few years, and hence after a time can be no
further menace as a source of endogenous tuberculosis.
The problem, however, is not one to dispose of lightly in a time
when first infection takes place late in life, and boys and girls enter
adult life with the lesions of first infection very few years behind
them. This brings us to the next problem for consideration.
First infection in adult life. A decade ago open and unrecog-
nized tuberculosis was so common and facilities for taking care of
open tuberculosis limited to such extent that casual infection was
common early in life and most persons acquired tuberculous infec-
tion before they had lived many years. First infection tuberculosis
and re-infection tuberculosis were clearly distinguished and were
synonymous with childhood tuberculosis and adult tuberculosis.
Later, the modifying terms childhood type tuberculosis and re-in-
fection type tuberculosis were introduced, for the distinction on a
strictly age basis was breaking down. At present the differentiation
between first infection tuberculosis and re-infection tuberculosis is
often difficult to make. There is abundant evidence that the ana-
tomic pattern of tuberculosis characteristic of first infection in the
childhood years does not necessarily occur when first infection takes
place in adult years. Actually the dassification of tuberculosis into
primary and re-infection forms, or even into childhood and adult
types, which was satisfactory a few years ago, is of much less value
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in the current period. A race of people with an average relatively
high resistance to tuberculosis due to elimination of its susceptible
stock in past generations of frequent contact with massive infection,
now starts life in an environment relatively free from the disease.
What this will mean for the character and epidemiology of
tuberculosis in the future is hard to forecast. There are those who
say that the old story of relatively benign childhood disease, with;
slight pulmonary infiltration and more or less extensive hilum
lymph node involvement, will simply be exhibited at a later period
of life. Others daim that the lesions of first infection in adult
years, when the body and the lungs have ceased to grow, will omit
the characters of first infection in childhood and at once take on the
anatomical pattern of the present re-infection type disease. And
whatever type it assumes, there are those who claim that it will be
excessively malignant and there are those who believe that it will
usually be a well-controlled process. In brief, there is no agree-
ment on the nature and potentiality of first infection tuberculosis in
adult life.
It is already evident that no grave fears are to be entertained on
the ground that the unprotected individual, failing to be immunized
by small doses in childhood, is in serious danger from the larger
doses that might conceivably be encountered in the wider contacts
of later life. No epidemic of tuberculosis is upon us, in spite of
the fact that at present most youths, although first infection may be
long delayed, ultimately do become tuberculin-positive. No visi-
tation in the age of adolescence is in evidence comparable to the
overwhelming wave of tuberculosis that struck the tuberculin-nega-
tive Senegalese troops that reached France in the first World War.
There is every reason to believe that the constitutions concerned are
fundamentally different.
On the other hand, the fear is not groundless that first infection
tuberculosis may be severe in adult life, not because of any immu-
nological or physiological principles concerned, but because of the
very different daily demands of childhood and adult life. Chil-
dren under ordinary circumstances, although perhaps not under
the conditions the world faces today, are relatively free from strain,
responsibility, and the need to sacrifice. Instinctively, as a rule,
they respond to a physiological demand for rest. It seems reason-
able to suppose that the child's life may be such as to offer the
minimum of interference with normal healing processes. In the
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adolescent and adult, however, conditions may be quite different.
Ambition drives a flagging body, responsibility for others demands
sacrifice, sex life may be strenuous or stormy, and occupational
commitments permit no response to signals for cessation of activity
that would meet instinctive compliance in a child. Native resist-
ance to tuberculosis is not well understood, but it is generally
accepted that strains of the nature indicated impair the capacity
to withstand the progress of all infectious disease.
Studies on medical students and nurses, to which Willard Soper
contributed notably, have thrown much light on the problem of
first infection in adult life. These investigations have indicated
dearly that the radiologically visible lesions of first infection in
adult life, occurring in persons tuberculin-negative a few months
before, demand care. Neglected, such lesions progress gravely;
treated by rest or other means they commonly become arrested
rapidly. This is different from the course of radiologically visible
lesions of first infection in children, which ordinarily, in white
children at least, regress while the child pursues his normal life.
An essential difference between the two is the apparent greater
tendency to calcification of residues of infiltrative lesions in chil-
dren. How late in life this tendency to calcification persists is
not known. The tendency is not entirely limited to children,
for a certain proportion of young adults develop an astonishing
extent of calcification following the healing of parenchymal
lesions. Presumablythe degree ofcalcification furnishes some index
ofthe stability of such lesions. Dense calcification probably signifies
complete cure. Conversely, pulmonary lesions of first infection in
adolescent life of indistinct outline and lightly calcified, observed a
few years after infection has occurred, may well be subject to sus-
picion as sources of later spread.
Constitution and race. Once thought to be entirely determina-
tive in the outcome oftuberculous infection, constitution today, after
a period in the background following the rapid gains of tuberculosis
epidemiology, is again assuming prominence. Carefully conducted
animal experiments show incontrovertibly that different strains and
stocks of animals differ in their susceptibility to tuberculosis and in
the pathological character of the process to which the tubercle
bacillus gives rise. And if animals so differ, it is only reasonable
to believe that men do also. In man, however, the complexities
of environment make any determination of the influence of con-
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stitution almost impossible. Nothing illustrates this more dearly
than the controversy that continues over the relative susceptibility
of white persons and Negroes to tuberculosis. Certain facts permit
no argument. The mortality in the Negro race is commonly three
or more times that of the white race. The morbidity at any one
time is not parallel, the disparity between the two races being much
less in this respect. The most acceptable explanation of the latter
fact is the relatively shorter length of survival in the Negro than
in the white in fatal cases.
The severity of tuberculosis in the Negro is attributed by some
to a fundamentally different type of tissue response to invasion by
the tubercle bacillus, and by others to the average worse economic
and environmental circumstances under which he exists. The first
group points to the pneumonic as contrasted to the proliferative
type of pulmonary lesion, and the tendency to caseous lympha-
denitis and hematogenous spread, as examples of inherent constitu-
tional difference, while the other group holds that all this can
happen in any race when crowding is close and infection is massive.
According to this argument Negro tuberculosis represents a vicious
circle, with massive disease producing numerous tuberde bacilli
in the donor and numerous bacilli in the recipient again producing
massive disease. There are certain fallacies in the argument, but
it is not the intention of this article to analyze the difficulties in the
problems to which attention is called.
Nutrition and fatigue in tuberculosis. In the foregoing pages
there have been occasional references to the effect of bad environ-
ment on the course of pulmonary tuberculosis. It is believed by
physician and layman alike that malnutrition and excessive fatigue
lower resistance to tuberculosis. Strangely enough, too little exact
information exists to establish this supposition as fact. Relatively
few controlled experiments on animals have been made on the
effect of either malnutrition or fatigue, and those that have been
performed have not been definitive in proving a relationship.
The question is of very great importance for all the world at
the present time. It is recognized that war generally leads to a
rise in the mortality from tuberculosis in the populations engaged.
Statistical analysis has furnished strong positive correlation with
certain dietary deficiencies and excessive hours of work. Dietary
restrictions, if not deficiency, and longer hours of labor seem inevit-
able for our population in the immediate future. In nations longer
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in the conflict than ourselves, with less well-developed programs of
tuberculosis prevention, a rise in tuberculosis mortality is already
evident. This is usually attributed to a combination of circum-
stances, the three chief factors being crowding, malnutrition, and the
strain of industrial acceleration. Crowding means exposure to
unknown cases, with resultant fresh infections and the development
of new cases of tuberculosis. There is nothing difficult to under-
stand in this phase of the problem. Malnutrition and prolonged
hard work, on the other hand, cannot initiate any tuberculosis, but
they may have a very adverse effect on existent minimal and quies-
cent lesions, progressing toward arrest under ordinary circumstances.
Leaving all theory aside, this is the greatest tuberculosis problem of
the world today. In our own country the problem is posed with
sharp clarity. Never in the history of the nation has minimal
tuberculosis of uncertain stability been discovered on the scale that
takes place today. Abundant practical experience demonstrates
that the fate of such lesions is largely a function of the environment
in which they are left. In sanatoria, with rest and adequate diet,
the stabilization rate of such lesions is very high; in dispensary
observation in populations unable or unwilling to take advantage of
ameliorating conditions the stabilization rate is often distressingly
low. Unfortunately, the economic and social trend is likely to be
toward increasing disadvantage. Sanatoria themselves are under-
manned, because of withdrawal of physicians and nurses to military
and industrial service. Opportunity for financial improvement out-
weighs the caution of the potential patient who should be conserv-
ing hisenergy and health, and the increasing tempo of industrial and
office operation is such as to increase general strain. Whether nutri-
tional deficiency will be added cannot yet be foreseen. It already
complicates the problem in warring Europe.
Better understanding of the effect of fatigue, malnutrition, and
general strain on the course of minimal unstabilized tuberculosis is
a problem of the first magnitude at the present time. And it is a
practical problem which will hardly await a theoretical solution.
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